Fire is closely associated with human life. The purpose of this study was to use a probe stimulus/dual task methodology to investigate the psychophysiological effects of the fireplace. Participants made auditory discriminations during an "odd-ball task", while also looking at a lit fireplace. ERPs, button press performance, alpha power and questionnaire responses were measured or assessed. The amplitudes of the N2 components elicited by target and deviant stimuli were significantly decreased during later sessions. In contrast, there were no P3 component and reaction time to the target differences. Furthermore, alpha power increased through the sessions. Attention during the early stages of a trial was transfixed by the fireplace, as reflected in decreased N2 amplitudes. In addition, watching the fireplace appears to have induced relaxation, as indexed by increased alpha power. Real fire as a natural element may have some tranquil effects.
People often seek the tranquil effects of natural elements, in order to escape from a stressful society. They also positively like to insert some natural elements into indoor spaces (e.g., wood, flowers, natural sounds, and fire). Fire is closely related to human life. A genuine fireplace is relatively common in British and American homes, although this furnishing is very rare in Japanese homes (fireplace or wood stove presence = 39.0 % of British and 24.4% of American homes, versus 1.3% in Japanese homes) (Manago, 2004) . Fireplaces serve a heating function but are also enjoyed for their psychological effects.
Enjoying fire itself appears to be one reason to have a fireplace, in conjunction with being attractive interior accessories (Manago, 2004) . A fire's psychological effects may contribute to an improved quality of life. There are few cognitive studies however, where a real-world material (such as fire) has been used as an experimental stimulus. Matsunami (2005) reported that a gas fireplace works to facilitate human communication. The distance between two participants who were strangers was smaller when sitting beside a working fireplace, compared to when no fireplace was present. Scores on a subjective scale in questionnaires measuring relaxation, healing, and familiarity were also higher in the presence of a fireplace.
The main component of a fireplace is of course the flame itself. Researchers have used electroencephalogram (EEG) to measure the brain activity of participants watching a candle flame (Kato, Mochizuki, Yamazaki, & Kobayashi, 2004 , 2005 . Kato et al. (2004) reported that EEG alpha power decreased in a real flame condition compared with viewing an artificial flame (in a movie). Authentic flames appear to generate demonstrable patterns of brain activity. On the other hand, Kato et al. (2005) reported that viewing a flame brought about changes in alpha power fluctuation that are related to relaxation.
In both cases, the flame or fireplace had clear psychophysiological effects on a Japanese sample. There are some problems with these previous studies however, such as the two phenomena were incompatible in terms of psychophysiological states. Matsunami (2005) reported that a fireplace can have a relaxing effect. In contrast, some studies (e.g., Kato et al., 2004) reported that watching a flame increased visual information processing. In those studies, the decreased alpha wave and the corresponding decreased sense of relaxation were linked with an increase in visual processing.
The discrepancy between the studies of Matsunami (2005) and Kato et al. (2004) may be a result of the different tasks used. In the study of Matsunami, a fireplace was used as part of the background. In the other studies, a flame was used directly as a visual stimulus.
The real fire or flame has an effect on relaxation, in addition to, an effect on visual and higher cognitive processes. In the previous studies, there was a possibility that two phenomena might reflect the difference of the tasks. Therefore, in the present study, the authors used one example of a dual task paradigm: the probe stimulus technique. The probe stimulus technique assess the effect of primary task performance on responses to secondary tasks (Kramer, Trejo, & Humphrey, 1995; Nittono, 2006) . In cases where the primary task is attractive, responses to the secondary task typically decrease.
For example, Nittono (2006) measured Event-related brain potential (ERP) as an index of the level of interest in video clips. He set up a dual task paradigm. Participants watched movies as a primary task and an auditory discrimination task was assigned as a secondary task. Nittono analyzed ERPs that were elicited by auditory stimuli. The results showed that the ERPs decreased in the secondary task, while participants watched an interesting movie. Thus ERPs can measure the levels of interest in the visual stimuli as a primary task. In the present study, participants were required to watch a flame in a fireplace as the primary task. The strategies in the present study followed the methods of Nittono.
In the present study, participants were required to look at the fireplace as their primary task. In addition, the participants were required to perform a secondary auditory discrimination "odd-ball" task. Participants were required to detect rare stimuli (target) amongst an array of standard repetitive stimuli.
Few studies have used real visual stimuli as the primary task within the context of a dual task paradigm, viewing pictures or movies (Nittono, 2006) . In the present study, a real fire in a fireplace served as the visual stimulus. The purpose of the present study was to investigate the psychophysiological effects of viewing a lit fireplace over the course of time.
A control condition is important in an experimental study. Usually at the dual task, a task without a visual stimulus may be a control condition. However, in the pilot study, a single auditory discrimination task often increased sleepiness of participants without a visual stimulus condition. Under that condition, the alpha waves frequently appeared. The ERP is a good measure to assess a cognitive activity. Since the amplitude of ERP is, however, very small, the ERP was covered by background waves such as the alpha wave. The increment of alpha activity interfered with the detection of ERP in the single auditory task by the decrement of the S/N ratio on ERP additionally the no visual condition was not a dual task.
The important point of this study was to investigate the effects of a real fire in the real world. Therefore in this study, the effects of a fireplace were analyzed by comparing data in experimental sessions as changes time passed. In addition, alpha activity was measured to assess relaxation levels during sessions. Furthermore, alpha activities at pre and post sessions were measured to assess the change of arousal levels.
ERPs and alpha power were recorded during the probe stimulus tasks, along with responses to target stimuli. Questionnaire responses were also collected after every two sessions. In the present study, the N1, N2 and P3 ERP components were analyzed. The N1 component reflects responses to auditory inputs. The N1 was influenced by physiological factors of a stimulus. The N2 reflects automatic discriminations between standard and deviant stimuli (Patel & Azzam, 2005) . The P3 component is thought to reflect the extent to which processing resources are allocated to the secondary task. If participants' attention was focused on the primary task, then the P3 response of the secondary task was reduced (Kramer, Trejo, & Humphrey, 1995) . Thus, a decline in P3 amplitude could serve as a marker of the degree to which participants are fascinated by or attracted to the primary task, fireplace.
Relaxation effects were measured or operationalized as increases in alpha power and by using questionnaires. The alpha wave is characterized as around 10 Hz in the EEG frequency band. Alpha power was analyzed using Fast Fourier Transform (FFT) spectrum analysis. Increases in alpha power reflect greater degrees of relaxation. Alpha power is generally higher when the eyes are closed compared to when they are open.
The probe stimulus technique can therefore be used to simultaneously evaluate relaxation and cognitive activities. The questionnaires and alpha activities were also used to estimate cognitive processes affected by the fireplace.
METHOD Experiment Period and Site
This experiment was conducted during winter, a time when participants might naturally be expected to look at a fireplace. The mean minimum outdoor temperature was 7.7°C and the mean maximum outdoor temperature was 13.2°C. This experiment was conducted at Comfortable & Advanced Living Laboratory (CALL), Tokyo Gas Co., Ltd. The interior of the laboratory was furnished as a standard Japanese house.
Participants
Participants were 17 healthy men (16 university students and one office worker) with normal sight and hearing and no known neurological disease (age = 22.14 ± 1.8 years). Participants provided their informed consent before participating in the experiment. The data from three participants were excluded from analysis. The room temperature was too hot for the first participant, as a result of air conditioner failure. The second participant was anxious that something might go wrong with the fireplace. The third participant did not look at the fireplace. All participants were comfortably dressed in their own clothing.
Experimental Environment and Setup
A gas fireplace (The Firewall 39"Original (Steel), ESSE) was installed in a steel rack for use in this experiment. The fire was viewed through a 292 mm × 422 mm glass window. The window was surrounded by a frame of stainless steel, 165 mm in width. The bottom of the frame was positioned on steel rack at a height of 800 mm. A black curtain was pulled at both sides of the frame. An armchair was placed in front of the fireplace at a distance of 1400 mm. Speakers (Bose Corporation, POWERED SPEAKER SYSTEM Media Mate jr.) were set up to present the auditory stimuli on the foot of the rack. The Firewall was ran by a 3.5 kW and ventilated by a fan (FUJI INDUSTRY CO., LTD., BFR-3B-503BK). The luminance level was set at 17 lx around the participant's face, and the room temperature was maintained at 19-20°C (Fig. 1 ).
Stimuli and Procedure (the Secondary Task)
The present study employed a three-stimulus odd-ball task. Participants were required to press a key on a 10-key pad when the target stimulus was presented, but to ignore the deviant stimulus when it was presented. All stimuli in the task were pure tones of 1800 Hz (p = .8; standard stimulus), 2000 Hz (p = .1; target stimulus), and 500 Hz (p = .1; deviant stimulus). Stimuli were presented with a 70 ms sinusoidal burst (including a 10 ms rise and fall). Auditory stimuli were presented with 1 s stimulus onset asynchrony (SOA) through speakers at an intensity of 60 dBSPL.
Participants were instructed to press the key as quickly as possible while also remaining accurate. The streams of stimuli were presented randomly, although target and deviant stimuli were not presented in repetitive sequence.
Each sound stream consisted of 240 standard stimuli, 30 targets, and 30 deviant stimuli, for a total of 300 stimuli per session. This experiment consisted of six 5 min sessions. The inter session intervals were about one minute. Both reaction time and hit rate were calculated for each type of stimulus and for every two sessions. All sound stimuli and responses were controlled by MATLAB 7.1 (Math Works).
In both before and after sessions (PRE & POST), the alpha power was measured for one minute. The alpha power in PRE was used as the baseline. The power in POST had the aftereffect of sleepiness. The participants were asked to relax and close their eyes during measuring.
In addition, participants were asked to complete 4-item questionnaires, rated on a 1 to 9 scale. Items assessed the extent to which participants attended to the task, attended to the fire, were interested in the fire, and became sleepy during the experiment. 
EEG Recording
EEGs were recorded using Ag/AgCl electrodes placed at Fz, Cz, Pz and Oz. All electrodes were referenced to the ear lobe and the grounding electrode was placed at the forehead. Electrooculograms (EOGs) were recorded from electrodes placed at both of the outer canthi, and above and below the left eye for off-line artifact rejection. EEG and EOG signals were continuously recorded using telemetric amplifiers (Nihon Kohden, Tokyo) with low-pass filter (30 Hz: EEG; 100 Hz: EOG) and time constant (1.5 s: EEG; 0.3 s: EOG). The signals were A/D converted and recorded to a PC using EFRP 2.0 software (Melon Technos, Kanagawa), with a sampling rate of 500 Hz. The analysis period was 1000 ms, including a 200 ms prestimulus baseline. Rejection criteria excluded epochs with EEG or EOG activity exceeding ± 50 µV. ERPs were calculated for each type of stimulus, and were averaged every two sessions. The peak amplitudes and latencies were detected from the time window of each component. Data were analyzed using repeated measures analysis of variance (ANOVA), to which the Huyndt-Feldt correction was applied. Follow-up analysis was conducted using the Bonferroni multiple comparison test.
Alpha power was analyzed using FFT (Cosine-Bell window function every 1024 points from Pz). Mean alpha power values were calculated after integration of the values from 8.3 to 13.7 Hz. These values were measured before, during, and after the tasks. Alpha powers were analyzed using ANOVA and Ryan's post-hoc test.
RESULTS

Task Performance
Average hit rate for the target stimuli are shown in Fig. 2 . Hit rates decreased in sessions 5 and 6, as compared to earlier sessions. Probabilities were analyzed using a oneway repeated measures ANOVA. There was a significant main effect of session, F(2, 26) = 4.59, p < .05. A Ryan's post hoc test showed that there were significant differences between the early and later sessions (1 & 2 and 5 & 6: t(13) = 2.81, p < .017; 3 & 4 and 5 & 6: t(13) = 2.38, p < .033). The FA rates were very few. Additionally, the average target stimulus detection reaction times are shown in Fig. 2 . Reaction times increased as a function of session time course. However, an ANOVA revealed no significant main effect, F(2, 26) = 1.43, ns.
ERPs
ERP waves were calculated by time-locked averaging from stimulus onset, separately for each type of stimulus. ERP waveforms were averaged from at least 30 sweeps in the target and deviant stimulus conditions. Fig. 3 shows the grand-averaged ERP waveforms elicited by standard stimuli from Cz. The N1 component or auditory evoked potential appeared at a latency of around 100 ms. The peak amplitudes and latencies were analyzed using two-way repeated measures ANOVAs, with session (1 & 2, 3 & 4, 5 & 6) and site (Fz, Cz, Pz, Oz) as withinparticipant factors. There was a significant main effect only of site on amplitude, F(1.2, 15.3) = 91.8, p < .05. There were no significant latency differences as a function of session. Fig. 4 shows the grand-averaged ERP waveforms elicited by the targets at Pz. Negative and positive components can be seen at latencies of around 200 ms and later than 300 ms. The negative deflection was identified as the N2 component, associated with making automatic distinctions between stimuli. The positive deflections consisted mainly of P3a and P3b components. In this experiment, there were no clear peaks to discriminate between P3a and P3b. The P3 component was analyzed along with the N2 component.
The peak amplitudes and latencies were detected from each component time window (N2: 150-200 ms in latency; P3: 300-500 ms in latency). These peak amplitudes and latencies were analyzed using two-way repeated measures ANOVAs (session and site as within-participants factors). Significant main effects were revealed on peak N2 amplitude (session: F(2.0, 25.9) = 5.34, p < .05; site: F(1.5, 20.0) = 76.9, p < .05), and there was a significant effect of site on P3 amplitude, F(1.4, 18.5) = 9.8, p < .05. Post hoc analyses at each electrode site were executed and N2 at the Cz site showed a significant decrease in amplitude during the later sessions (1 & 2 and 5 & 6: t(13) = 3.15, p < .017; 3 & 4 and 5 & 6: t(13) = 2.91, p < .017). Fig. 5 shows grand-averaged waveforms elicited by deviant stimuli at Cz. These waves pertain to the process of automatic discrimination without overt responses. The negative deflections reflect the auditory evoked potential and N2 components that were observed during several of the sessions.
The N2 component is composed of a number of sub-components, characterized as MMN, N2a, and N2b. The MMN and N2a are elicited by the stimulus change that occurs between the memory-trace and the deviant inputs. In particular, the MMN component appears to be independent of the task or degree of conscious attention required. In contrast, the N2b component reflects voluntary stimulus discrimination processing that takes place during conscious attention to the tasks at hand (Patel & Azzam, 2005) . In the present study, the N2 component is thought to represent the involuntary process of change detection and voluntary stimulus discrimination, because participants were required to pay selective attention to the stimuli. Therefore, subtracted waveforms calculated by subtracting the waves of the deviant stimuli from the waves associated with standard stimuli clearly show these peak responses.
The subtracted waveforms are illustrated in Fig. 6 , which depicts the N2 component at a latency of around 100 ms, excluded from the auditory evoked components. The peak amplitudes and latencies were analyzed via two-way repeated-measures ANOVAs (session and site). There were significant main effects of session, F(1.8, 22.8) = 5.56, p < .05, and site, F(1.5, 20.0) = 23.2, p < .05. Post-hoc analyses were performed at each electrode site. There were significant increases from the earliest two sessions to the middle two sessions at Fz and Cz (Fz: t(13) = 3.23, p < .017; Cz: t(13) = 3.29, p < .017). These ERPs results are shown in Fig. 7 . 
Alpha Powers
Alpha powers were analyzed during the experimental sessions, as well as before and after these sessions (PRE & POST). These powers are presented in Fig. 8 as pre, post, and during the trials values. The mean powers during every two sessions were analyzed using repeated measures ANOVA. There was a significant main effect of session, F(2, 26) = 8.31, p < .05. A Ryan's post-hoc analysis found significant differences between the earliest two sessions and the latter sessions (1 & 2 vs. 3 & 4: t(13) = 2.29, p < .033; 1 & 2 vs. 5 & 6: t(13) = 4.07, p < .017). There was no significant main effect between the PRE and POST, F(1, 13) = 0.82, ns. The alpha powers were higher in PRE and POST than experimental sessions, because participants closed their eyes while they were being measured.
Questionnaires
Participants were asked to answer four questionnaire items to evaluate attitudes during the experiment. Fig. 9 shows the questionnaire scores (range: 1-9). During the last two sessions, sleepiness scores increased while the other scores decreased. None of these changes were significant, with the exception of sleepiness, F(2, 26) = 4.81, p < .05: a significant difference between sessions 1 & 2 and 5 & 6 (t(13) = 3.06, p < .017).
DISCUSSION
The present study executed a dual task experiment with probe stimulus technique to investigate the psychophysiological effects of the fireplace, with a real fire. When participants are performing a visual task in a study of ergonomics, the P3 ERP component that occurs in response to auditory stimuli is used as an index of attention during a dual task. If participants pay considerable attention to the visual stimulus in such a task, P3 amplitude decreases. Typically, visual stimuli in dual task studies are simulated pictures of objects or movies. In the present study, a real fire in a fireplace was used as the visual stimulus. The shape of the real flame was always changing randomly in the fireplace. To assess attention paid to the fire, performance and physiological responses (i.e., ERP and alpha power) were measured during a secondary auditory target detection task, while participants kept looking at a real fire in the fireplace. The P3 ERP component did not show significant changes during the tasks. In addition, the N1 component (auditory evoked potential to standard stimuli) showed few changes as time passed. However, the N2 component (elicited by the target and deviant stimuli) decreased during the later sessions, as compared with earlier and middle sessions. The N2 component represents the cognitive process of stimulus identification and distinction before the motor response is initiated. Even though the N2 could be divided into sub-components, these components reflected to automatic change discrimination (see review in Patel & Azzam, 2005) .
In the present study, reaction times did not change appreciably as time passed. Hit rates declined slightly but remained at about 95%. These results indicate that participants could perform the dual tasks with little difficulty. Moreover, questionnaire results revealed no significant decreases in attention to the auditory task, attention to the fire, or interest in the fire.
The ERP results of the present study may be explained by the multi-resource theory of Wickens (1984) . He proposed a multi-resource theory in order to explain how resources are allocated in attention. According to this view, human information processing consists of various stages between input and output, with the attentional process itself comprised of multiple resources. The input resource is deployed at the early stages pertaining to perception, as well as the central stage. On the other hand, the output resource is deployed at the later response stage. The N2 decrement observed in the present study might reflect changes in perceptual activity at early input stage, rather than at the response stage. Therefore, attention during the early stages of a trial would be allocated to the fireplace, as reflected in decreased N2 amplitude during the auditory discrimination tasks. Nittono (2006) suggested that the response to a deviant stimulus was more sensitive to the effect of an intense concentration.
In the present study, the alpha power increased during the tasks. Generally, an increase in alpha power during a task indicates a state of relaxation and decrease in arousal levels. Sleepiness scores on the questionnaire increased during the last two sessions compared to the first two. However there were no changes in alpha power between the PRE and POST, just before and after the tasks. In addition, the P3 component did not show significant changes during the tasks. Okamura (2007) reported that the P3 latency was increased by fatigue after mental tasks continued for two hours. In the present study, however, there was no significant difference on P3 latencies Thus, data in the present study showed little effect from fatigue. Hit rates also remained constant at a high level. The incremental change in alpha power may have reflected relaxing and comfort changes in the experimental environment.
The ERP and alpha power results may be related to the phenomenon described by Kaplan (1995) . He mentioned that a link exists between the restorative experience and directed attention in natural environments. The natural environment tends to draw involuntary attention, as a result it is recovered to directed attention. In addition, it may have mitigated stress. The lambent flame is one of the essences of natural environments. In the present study, a real flame in the fireplace was used as the visual stimulus. A fireplace is of course an artificial construct, but does enclose a real flame. Genuine flames show natural and unexpected movements. The increases in alpha power we observed suggest that the fireplace may help to improve levels of human comfort and satisfaction.
Thus, the fireplace has some psychological value. Miyake (2003) explained that nature psychophysiology is the quantitative assessment of the effects of natural elements, as evaluated using psychophysiological techniques. This approach may be useful from an ergonomic standpoint ("tranquility ergonomic").
The present study evaluated psychophysiological responses to flame as one element of nature. In many Western countries, a natural fireplace is furnished not only in the living room, but also in a study or an office. A fireplace has a potential to contribute to human well being, from the standpoints of nature psychophysiology and tranquility ergonomics.
In the present study, the physiological and psychological phenomena as time passed at a real fireplace was analyzed. Due to the restriction of facilities, however, it was not possible to provide a clear control condition to compare with the experimental condition. More examination for the current results is necessary for clarification and further theorizing.
In fact, there are many factors in the effects of a fireplace in the real life. Some of the major contributing factors include: exterior appearances, radiation of warmth and the visual environment including a fireplace as a whole. Maybe the most important factors will be visual stimulus and warmth. Those coherence or uniformity will be also important, to keep in touch with the facts of real life. Therefore, an exact control and comparisons among conditions will be required in more basic studies, even though those are difficult to execute.
As Tamakoshi, Shimai and Yagi (2009) suggested in a preliminary study, one of the solutions will be the application of a technique by means of virtual reality (VR) for these research problems. VR might be useful to investigate a real thing in real life under the experimental examination. For example, factors of color effects and a moving effect in visual information in the fireplace can be investigated independently. Experimental conditions can be adjusted to pare off non-critical factors and to brush up critical factors. Factors can then be winnowed to find necessary and sufficient conditions. The studies that correspond with psychological and physiological underpinnings will fill the gap between fundamental research and real world phenomena.
